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T()RPED() CONTROL SYSTEM 
The invention relates to improvements in control sys— 

tems and more specifically to an improved electrical 
phase and amplitude comparison system suitable for 
use in finding the direction of a source of acoustic en 
ergy and guiding a self—propelled underwater torpedo 
in that direction. The acoustically directed torpedo is 
intended for use against submerged submarines and op~ 
crates on the echo ranging principle rather than from 
sound generated by the submarine. 
An important object of the invention is to provide an 

improved echo-controlled steering system. 
Another object is the provision of an improved bin 

aural differential-phase steering control system. 
A further object is to provide an improved bridge cir 

cuit adapted to compare the relative magnitudes of two 
signal voltages. 
Another important object is the provision of an im 

proved bridge circuit adapted to signal the presence of 
wave energy. 

Other objects and advantages of the invention will 
become apparent during the course of the following dc’ 
tailed description. taken in connection with the accom 
panying drawing. forming a part of this specification. 
FIG. I is a diagrammatic view of the improved elec» 

trical phase and amplitude comparison system applied 
to an echo ranging torpedo steering system. 
FIG. 2 is a diagrammatic view showing details of the 

lag line component of FIG. I; and 
FIG. 3 is a vector diagram illustrating the operation 

of the lag line. 
Pulses or pings of (ill-kc voltage and 3(l-milliseconds 

duration are generated and amplified by a pinger oscil‘ 
lator I5 and amplifier 16 and sent out every 0.8 second 
through a transducer 17 whose vertically spaced sec 
tions l8, l9 are connected in parallel during this trans 
mission by a pinger relay (not shown). The supersonic 
waves leave the transducer and, if there is a target pres‘ 
ent within range. are re?ected back as echoes. Upon 
reaching the transducer. these echoes are translated 
into electrical input signal voltages in dual amplifier 
channels 20. 21. the two parts of the transducer acting 
independently during reception. 

If an echo returns from a target below the axis of the 
torpedo, the wave front will strike the lower halfof the 
transducer first and the signal voltage generated in the 
lower halfwill lead in phase that generated in the upper 
half. Likewise, ifthe echoes are from a target above the 
axis of the torpedo. the signal voltage in the upper half 
will lead that in the lower half. This phase difference is 
converted into an amplitude difference by the lag line 
22 following the ?rst stage 23 of dual ampli?cation. 
This lag line 22 may be of the type shown and described 
in the copending application of Paul C‘. Gardiner. Ser. 
No. 166.286. filed June 5. I950 now US. Pat. No. 
3.024.754 entitled Phase Difference Control for Elee 
troacoustic Steering Systems. Connected across the 
dual channels I7u~ 18a at the outputs of the first ampli 
fiers 23. 23. the lag line 22. as shown in detail in FIG. 
2. includes a pair of serially connected variable induc< 
tances 52a. 53a. through which plate current for the 
first amplification stage is fed from the source 4011. The 
outputs of the first amplifiers 23. 23 are coupled to 
ground through condensers 54a. 55a. The lag line con~ 
verts phase difference between the high frequency out 
puts of the dual preamplifiers 23. 23 to an amplitude 
difference between resultant dual waves of unchanged 
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frequency so that the amplitudes may be compared and 
the pitch of the torpedo changed to correspond. 
From an inspection of FIG. 2, it will be noted that the 

output of each preamplifier 23. 23 feeds across the lag 
line coils 52a, 53a to the output of the other preampli 
fier. The cross feed voltage is not lowered much in am 
plitude but is lagged in phase an amount which depends 
on the values of the inductances 52a. 53a and the ca 
pacitors 54a. 55a. This is a 90° lag line and the vector 
diagram of FIG. 3 illustrates its action in a case where 
the input voltages e, and e” are out of phase but of 
equal magnitude. Assuming that the dual channel am 
plifier gains are equal, the voltages e, and e2 introduced 
by the preamplifiers 23, 23 will be out of phase and of 
equal magnitude. The vectors in this case show that the 
resultants E, and E2 are unequal. Thus the original 
phase difference in the input voltages is translated into 
an amplitude difference in the output even though the 
amplifier gains are equal. 
At the second amplifier stage 24. the overall sensitiv 

ity of the receiver is gradually increased during each 
reception interval by a time-variation-of-gain (TVG) 
control 25. This TVG control prevents false tripping on 
reverberation immediately following the ping and also 
prevents ampli?er overloading on strong echo signals 
at close range. 
The processed signals from both channels, after a 

third amplifier stage 26, are rectified by a twin diode 27 
and applied to a comparator bridge 28 which acts as in 
terpreter and disseminator ofinformation necessary for 
correct rudder and elevator operation. This compara 
tor bridge comprises four resistor arms 3l—34 joined at 
corners 35-38. During reception the right corner 36 is 
grounded through a pinger relay contact 39. The plates 
40, 41 of the twin diode 27 are each connected to the 
left corner 38 of the bridge, and the cathodes 42, 43 are 
connected one to the upper corner 35 and the other to 
the lower corner 37. Potential from the left corner 38 
is impressed through a resistor 44 on the control grid 
45 of an echo trip pentode 46. Potential from the lower 
corner 37 is impressed through resistors 47, 48 on the 
control grid 49 of an elevator trip pentode 50. The re~ 
sistors 32, 34 at the right side ofthe bridge have a resis 
tance twice that of the resistors 31, 33 at the left side. 
Normally. when no echoes are present, both the echo 

tube 46 and the elevator tube 50 conduct plate current. 
The echo tube plate circuit 51 forms part of the echo, 
gyro and rudder circuits 52 which control a reversible 
rudder steering motor 53 adapted to displace the tor 
pedo rudder 54 to the right or left. The elevator tube 
plate circuit 55 forms part of the elevator and pendu 
lum circuits 56 which control a reversible elevator 
steering motor 57 adapted to elevate or depress the tor 
pedo elevators 58. 
When the recti?ed channel voltages E, and E2 are 

equal. the voltage ER derived from the left bridge cor 
ner 38 for echo tube control is negative and equal to 
either channel voltage; and the voltage EL derived from 
the lower bridge corner 37 for elevator tube control is 
equal to one half the difference between voltages E, 
and E. which is zero. 
When the recti?ed channel voltages E, and E-_. are un‘ 

equal, the voltage E" at the left bridge corner 38 is 
equal to minus one half the sum of the voltages E, and 
Er which is always negative; and the voltage E,_ derived 
from the lower bridge corner 37 is equal to one half the 
difference between voltages E2 and E,. Voltage E,‘ is 
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therefore positive if voltage E2 is greater than voltage 
E, and negative if voltage El is greater than voltage E2. 
Three stages are involved in the operation of the tor 

pedo. namely. initial dive. search and pursuit. The pur 
pose of the initial dive is to get the torpedo down to its 
operating depth as rapidly as possible. The search stage 
enables the torpedo to make a 360° sweep of the sur 
rounding region to locate the target. The pursuit stage 
is that wherein the device is homing on the target. As 
soon as the torpedo starts its dive. it goes into a port cir» 
cle having a radius of about l4U feet. under the control 
of a gyroscope (not shown) associated with the echo. 
gyro and rudder circuits 52. 
When the first echo of sufficient duration and magni_ 

tude is received during search. while the torpedo is nor 
mally turning in a port circle. the left corner 38 of the 
bridge becomes negative regardless of the direction 
from which the echoes arrive. as previously explained. 
The normally conducting echo tube 46 is biased to cut 
off by the negative voltage from the bridge corner 38. 
thereby deencrgizing the echo tube plate circuit 51. 
Thereupon the echo. gyro and rudder circuits 52 are 
adapted to so energize the rudder steering motor 53 
that the course of the torpedo will be changed from 
port to starboard. This will eventually result in the loss 
of the signal since the torpedo will turn away from the 
target. Upon the loss of echo signals. and after a pre 
scribed time, the horizontal steering control circuits 52 
are adapted to reverse the rudder steering motor 53. 
Thereupon the torpedo will resume its port circular 
turn until echoes are again received. when it will 
change its course once more to starboard. This opera 
tion. continuing until actual contact is made with the 
target. is called off-on steering. 
Depth steering for all stages of operation of the tor 

pedo is eventually controlled by a pendulum (not 
shown) associated with the elevator and pendulum cir 
cuits 56. While searching for a target, the torpedo is di» 
rected along a downward helical path at a substantially 
constant slightly negative pitch angle controlled by the 
elevator and pendulum circuits. As for depth steering 
during pursuit. the comparator bridge resolves the am 
plitude difference between the recti?ed outputs of the 
two channels 20. 21 into either positive or negative sig» 
nal voltage depending on whether the echo source is 
above or below the transducer. This signal voltage is 
impressed on the control grid 49 of the elevator tube 
50 which. in conjunction with the elevator and pendu 
lum circuits 56. controls depth steering. 
The comparator bridge is made inoperative during 

ping transmission by the application of 600 volts 
thereto through the pinger relay contact 60. 
Various changes may be made in the form if inven 

tion herein shown and described without departing 
from the spirit of the invention or the scope of the fol 
lowing claims. 
What is claimed is: 
1. In an automatic steering system for directing a 

moving body equipped with motorized steering gear to 
ward at source of wave energy. means energized by said 
wave energy for generating separate dc voltages of rela 
tive magnitudes varying with the directional rclation~ 
ship ofsaid source to said body. an amplitude compara 
tor bridge including four resistor arms in endless series 
differentially energized by said voltages applied across 
?rst and second adjacent arms of said series and 
adapted to provide across a third arm of said series a 
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control voltage of a polarity depending on the relative 
magnitudes of said separate voltages. and means con 
trolling the steering gear motor in accordance with the 
polarity of said control voltage. 

2. In an automatic steering system for directing a 
moving body equipped with motorized steering gear to» 
ward a source of wave energy. means energized by said 
wave energy for generating separate dc voltages of rela 
tive magnitudes varying with the directional relation 
ship of said source to said body. a resistance bridge in 
cluding four resistor arms in endless series adapted 
upon differential energization applied across first and 
second adjacent arms of said series by said voltages to 
provide across a third arm of said series a control signal 
of a predetermined polarity. and means controlling the 
operation of said steering gear motor in one directional 
sense responsive to said control signal. 

3. In an automatic steering system for directing a 
moving body equipped with reversibly-motorixed steer 
ing gear toward a source of wave energy. means gener 
ating separate dc voltages of relative magnitudes vary 
ing with the directional relationship of said source to 
said body. a gaseous discharge device including an an 
ode. a cathode and a control electrode. an amplitude 
comparator bridge including four resistor arms in end 
less series differentially energized across first and sec 
ond adjacent arms of said series by said voltages. means 
connected across a third arm of said series adapted to 
impress on said electrode a control voltage governed by 
the relative magnitudes of said separate voltages 
whereby the conductivity of said device is controlled. 
and means controlling the steering gear motor in accor 
dance with the conductivity of said device. 

4. In an automatic steering system for directing a 
moving body equipped with reversibly-motorized stcer< 
ing gear toward a source of wave energy. means gener» 
ating separate dc voltages of relative magnitudes vary 
ing with the directional relationship of said source to 
said body. a gaseous discharge device including an an» 
ode. a cathode and a control electrode. an amplitude 
comparator bridge including four resistor arms in end 
less series differentially energized across first and sec 
ond adjacent arms of said series by said voltages. means 
connected across a third arm of said series adapted to 
impress a control voltage on said electrode ofa variable 
polarity governed by the relative magnitudes of said 
separate voltages. said device being adapted to conduct 
upon the application of positive voltage to its control 
electrode and to cut off conduction upon the applica 
tion of negative voltage. and means controlling the di 
rection of operation of said steering gear motor gov 
erned by the conductivity or non-conductivity of said 
device. 

5. in an automatic steering system for directing a 
moving body equipped with motorized steering gear to 
ward at source of vvave energy. means energized by said 
wave energy adapted to generate separate ac voltages 
having a phase relationship governed by the direction 
of said source relative to said body. an amplitude com 
parator bridge including four resistor arms in endless 
series. means adapted to differentially energize said 
bridge across first and second adjacent arms of said se 
ries \vith dc voltages of relative magnitudes governed 
by the phase relationship of said are voltages. said 
bridge being adapted to furnish across a third arm of 
said series a signal voltage resulting from comparison 
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of said dc voltages. and means responsive to said signal 
voltage for controlling said steering gear motor. 

6. In an automatic steering system for directing a 
moving body equipped with motorized steering gear to 
ward a wave re?ective surface. a transmitter carried by 
said body adapted to direct wave energy toward said 
surface. means energized by said wave energy upon re 
?ection from said surface adapted to generate separate 
ac voltages having a phase relationship governed by the 
direction of said surface relative to said body. an ampli 
tude comparator bridge including four resistor arms in 
endless series. means adapted to differentially energize 
said bridge across first and second adjacent arms of 
said series with dc voltages of relative magnitudes gov 
erned by the phase relationships of said ac voltages. 
said bridge being adapted to furnish across a third arm 
of said series a signal voltage resulting from comparison 
of said dc voltages. and means responsive to said signal 
voltage for controlling said steering gear motor. 

7. in an automatic steering system for directing a 
moving body equipped with motorized steering gear to 
ward a wave re?ective surface. a transmitter carried by 
said body adapted to direct wave energy toward said 
surface. means energized by said wave energy upon re 
?ection from said surface adapted to generate separate 
dc voltages of relative magnitudes varying with the di 
rectional relationship of said source to said body. an 
amplitude comparator bridge including four resistor 
arms in endless series differentially energized across 
first and second adjacent arms of said series by said 
voltages and adapted to provide across a third arm of 
said series a control voltage varying with changes in the 
relative magnitudes of said separate voltages, and 
means controlling the steering gear motor in accor 
dance with changes in said control voltage. 

8. In an automatic steering system for directing a 
moving body equipped with motorized steering gear to 
ward a wave re?ective surface. a transmitter carried by 
said body adapted to direct wave energy toward said 
surface. means energized by said wave energy upon re‘ 
flection from said surface adapted to generate separate 
ac voltages of substantially equal amplitude but having 
a phase relationship governed by the direction of said 
surface relative to said body. voltage comparing means. 
means adapted to differentially energize said compar 
ing means with dc voltages of relative magnitudes gov 
erned by the phase relationship of said ac voltages, said 
voltage comparing means upon differential energiza 
tion being adapted to furnish a signal voltage resulting 
from comparison of said dc voltages. and means re 
sponsive to said signal voltage for controlling said steer 
ing gear motor. 

9. In an automatic steering system for directing a 
moving body equipped with separately motorized azi 
muth and depth steering gear toward a source of wave 
energy. means energized by said wave energy for getter 
ating separate ac voltages of substantially equal ampli 
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6 
tude but having a phase relationship governed by the 
direction of said source relative to said body. an ampli 
tude comparator bridge including resistor arms. means 
including a phase-shifting circuit and rectifiers adapted 
to differentially energize said bridge at predetermined 
spaced points with dc voltages of a relative magnitude 
governed by the phase relationship of said ac voltages. 
said bridge upon differential energization being 
adapted to furnish at one point a first signal voltage of 
predetermined polarity and at another point a second 
signal voltage of variable polarity governed by the dif 
ferential magnitude of said dc voltages. means adapted 
to energize one of said separate steering gear motors to 
operate its associated steering gear in one sense respon 
sive to said ?rst signal voltage. and means adapted to 
energize the other steering gear motor to operate its as 
sociated steering gear in either one of two opposite 
senses governed by the polarity of said second signal 
voltage. 

10. In an automatic steering system for directing a 
moving body equipped with motorized steering gear to 
ward a source of wave energy. means energized by said 
wave energy adapted to generate separate ac voltages 
of substantially equal amplitude but having a phase re 
lationship governed by the direction of said source rela 
tive to said body. an amplitude comparator bridge in 
cluding resistor arms. means including a phase-shifting 
line and dual recti?ers adapted to differentially ener 
gize said bridge at predetermined spaced points with dc 
voltages of relative magnitudes governed by the phase 
relationship of said ac voltages. said bridge being 
adapted to furnish at one point a signal voltage result~ 
ing from comparison of said dc voltages. and means re 
sponsive to said signal voltage for controlling said steer 
ing gear motor. 

11. in an automatic steering system for directing a 
moving body equipped with reversibly-motorized steer 
ing gear toward a source of wave energy. means ener 
gized by said wave energy adapted to generate separate 
ac voltages of substantially equal amplitude but having 
a phase relationship governed by the direction of said 
source relative to said body. an amplitude comparator 
bridge including resistor arms. dual conducting chan' 
nels including dual preampli?ers. a phase-shifting 
channel-interconnecting line and dual rcctifiers 
adapted to differentially energize said bridge at prede 
termined spaced points with dc voltages of relative 
magnitudes governed by the phase relationship of said 
ac voltages. said bridge being adapted upon said differ 
ential energization to furnish at one point a comparison 
signal voltage of a polarity governed by the relative 
magnitudes of said dc voltages. and means responsive 
to said signal voltage for operating said steering gear 
motor in a direction governed by the polarity of said 
signal voltage. 

* * * * * 


